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Accurate Estimation of Subsalt Velocities Using Virtual Checkshots

a report by

Albena Mateeva, Andrey Bakulin, Patsy Jorgensen and Jorge Lopez

Extracting velocity profiles from checkshots under complicated
overburden is challenging because: (i) first arrival waveforms may
be distorted and difficult to pick; and (ii) the fastest arrival may
not come along the shortest path between the source and
the receiver (see Figure 1a). Both of these problems could
be alleviated by placing the source in the well, so that the travel-
path of the first arrival is short and close to a straight line (see
Figure 1b). In practice, it is difficult to place a physical source
downhole. However, it is easy to create a virtual source (VS) in
the well from walk-away (WAW) or 3-D VSP data. Measuring the
first arrival traveltime from a VS to a number of receivers below it,
we can construct a ‘virtual checkshot’ that is insensitive to
overburden complexity.

An extension of this idea would be to create a virtual shear source in
the borehole and construct a shear virtual checkshot. Conventional
checkshots measure only P-wave velocity from first arrivals. Shear
waves, even if emitted from the surface source or generated by P-S
conversions in the overburden, arrive later and are difficult to
unravel and pick. However, we could harvest P-S conversions in the
overburden to fuel a shear virtual source in the borehole. The first
arrival from such a source would be an S-wave (easy to pick) and
yield a shear-velocity profile.

We test these ideas on a data set from a sub-salt prospect in the
deepwater Gulf of Mexico (GOM). We obtain profiles of P- and S-wave
velocities that are in very good agreement with sonic logs under salt at
more than 7km depth.

Virtual Source

The VS method takes data recorded from surface sources into
down-hole receivers (i.e. WAW or 3-D VSP) and converts them to
data that would have been recorded in the same receivers if we had
a source in the borehole, at an existing receiver location. The
conversion is entirely data-driven — we do not need to have a
velocity model of the medium to create VS data. All we have to do
to create a fit-for-purpose P VS at receiver o. and ‘record’ it at
receiver B (see Figure 2):

e Take a trace from shot k (at the surface) to receiver a and gate
the first arrival (the gate size and position do not matter much as
long as it captures most of the down-going energy of the desired
mode — in this case P-wave).

e (Cross-correlate this gate with the whole trace from shot k to
receiver B (note that cross-correlation is equivalent to convolution

with a time-reversed series).

e Repeat for all surface shots.
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Figure 1: Checkshot in Complex Medium

(b) Virtual checkshot

(a) Classical checkshot

Figure 2: Virtual Source Concept and Computation
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Figure 3: Walk-away VSP Acquisition

Note: arrows from source to receiver represent data, not rays.

e Sum cross-correlations over all surface shots.

Input Data for Virtual Checkshots

Our example dataset is a conventional WAW VSP acquired in a
vertical well through a massive salt body in the deepwater GOM.
The survey was shot in four passes of the same shot line, with
four receiver tool settings, giving a total of 96 receiver depths
(4x24). About two-thirds of the receivers were in the salt, near
its base, and the rest were below the salt (see Ffigure 3). The
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